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Abstract: Peganum harmala L. (Zygophyllaceae), native to arid and semiarid rangeland, has been widely studied biochemically,
pharmaceutically, and medicinally, but is largely unknown ecologically. In the lower Chelif, Algeria, this plant is largely present and
shows a clear clumped pattern, which indicates the strong effects of environmental conditions. Our redundancy analysis showed that
the geographic distribution of this species was positively correlated with sand and pH and negatively correlated with conductivity, Na+,
and clay. The Gaussian model suggested that 9.4 mmhos/cm conductivity and sand contents greater than 40% are optimum for this
plant. The spatial distribution map obtained through the kriging method in geographic information systems (GIS) revealed a complete
absence of this plant on the eastern side of the study area, but a high degree of clumping on the western peripheries of the study area,
which is characterised by a particular range of environmental conditions very favourable to P. harmala.
Key words: Peganum harmala, pattern analysis, redundancy analysis, kriging, lower Chelif, Algeria

1. Introduction
Peganum harmala L., also called Harmal or Suryin Rue,
is a perennial, bushy, and wild-growing flowering plant
with short creeping roots that may grow 30–90 cm high
(Shamsa et al., 2007; Goel et al., 2009), belonging to the
family Zygophyllaceae. It is native to arid and semiarid
rangeland, widely distributed in North Africa, and is also
found in the Middle East, Turkey, Pakistan, India, and Iran
(Duran & Hamzaoğlu, 2002; Ehsanpour & Saadat, 2002;
Yousefi et al., 2009). It is of biochemical, pharmaceutical,
and medicinal interest (Astulla et al., 2008; Bukhari et
al., 2008). The plant is rich in alkaloids and contains up
to 4% total alkaloids (Abdel-Fattah et al., 1997; Lala et
al., 2004). The principle alkaloids present are harmaline,
harmine, harmalol, and peganine (Massoud et al., 2002).
Medicinally, the fruits and seeds are digestive, diuretic,
hallucinogenic, hypnotic, antipyretic, antispasmodic,
nauseant, emetic, narcotic, and a uterine stimulant (Kartal
et al., 2003; Goel et al., 2009). The leaves are useful in
the treatment of asthma, colic, dysmenorrhea, hiccups,
hysteria, neuralgia, and rheumatism (Kirtikar & Basu,
1995; Ezer & Mumcu, 2006). The plant has also been used
as an antimicrobial (Adday et al., 1989; Arshad et al., 2008),
* Correspondence: ab_adda@yahoo.fr

as an antitumoural (Al-Allaf et al., 1999; Prashanth et al.,
1999), in curing malaria, and as an insecticide (Ahmed
et al., 1981). P. harmala is propagated by seeds, but one
of the constraints of this conventional propagation is the
very short span of seed viability, which will widely affect
its spatial distribution.
The spatial distributions and spatial patterns of plant
species are very important concepts for understanding
vegetation dynamics (Veblen et al., 1979). The spatial
pattern is an important characteristic of ecological
communities and the most fundamental property of
any group of living organisms (Ludwig & Reynolds,
1988). Its survey and recognition are very important in
ecological studies, sampling designs (Williams, 1976),
and generating hypotheses concerning the structure of
ecological communities (Ludwig & Reynolds, 1988).
In ecological studies, the pattern is defined by Ludwig
(1979) as a quantitative description of the horizontal
distribution of individuals of species within a community.
The patterns shown by a population in a given geographic
area can be random, clumped, or uniform (Pielou, 1977;
Krebs, 1999). The main reasons that can lead to a random
pattern are environmental homogeneity and nonselective
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1990). These geological characteristics, accentuated by
an arid climate with an average annual temperature
of 20 °C, a dry period of 7 months according to the
ombrothermic diagram (Bagnouls & Gaussen, 1953), a
high evapotranspiration rate, and a weak annual rainfall
(approximately 200 mm/year), can explain the high
salinity conditions of the plain.
2.2. Soil and vegetation sampling
Vegetation relevés were recorded during spring 2010 and
2011 (15 February–21 May) by using the Braun-Blanquet
(Van der Maarel, 1975) 7-degree scale of abundance–
dominance and then transformed to the 0 to 9 Van der
Maarel scale. A total of 141 relevés were recorded, adding
up to 30 species. In addition, a total of 141 soil samples
were collected at a depth of 30 cm. Measured soil factors
were soil texture and soil structure (mean weight diameter
(MWD)) as physical variables, and conductivity, CaCO3,
pH, Ca++, Na+, Cl–, and organic matter (OM) as chemical
variables. Finally, in order to map the distribution of P.
harmala in the lower Chelif by using kriging (Journel &
Huijbregts, 1978; Legendre & Legendre, 1998; Stein et al.,
2002), the geographical position of each sampling unit was
determined by GPS.
2.3. Spatial patterns analysis
The relationship between the mean and the variance of
the number of individuals per sampling unit is influenced
by the pattern of dispersal of the population. There are 3
types of pattern according to the variance-to-mean ratio
(Ludwig & Reynolds, 1988; Dale, 1999):

behavioural patterns; uniform dispersions result from
negative interactions between individuals, such as
competition for food or space (Ludwig & Reynolds, 1988),
whereas clumped patterns imply the characteristics of
the species and the relationship with the environmental
variations (Kershaw, 1973). Indeed the particular range
of environmental conditions that species can tolerate
strongly affects their distributions (Hutchinson, 1958; Işık,
2011). This range of values for any selected environmental
variable often produces predictable patterns (Gaston,
2003); values beyond the range limit are often the main
causes preventing species dispersal.
In this context, the aim of this work was to generate
a hypothesis concerning the pattern of P. harmala and
knowledge of its requirements, which will greatly contribute
to its medicinal and pharmaceutical valorisation, and its
preservation.
2. Material and methods
2.1. Study area
Covering approximately 450 km2, the lower Chelif is
one of the largest quaternary alluvial plains of northwestern Algeria (Figure 1). This region, located between
35°48′3.13″–36°05′35.8″N of latitude and 0°29′11.28″–
0°56′37.8″E of longitude, is about 35 km inland from the
Mediterranean Sea, with an average altitude of 70 m. The
plain is a syncline framed to the north by the Dahra hills
and the Benziane hills to the south, both characterised by
clayey silt, schist, and salted marls (McDonald & BNDER,

0° 56' 37.8"

0° 29' 11.28"

36° 5' 35.8"

Atlantic

Spain

35° 48' 3.13"

Mediterranean Sea

Study area
ALGERIA
Morocco

Tunisia

North Africa

Figure 1. Location of the study area in northern Algeria, showing the lower
Chelif plain and the surrounding hills of Dahra to the north and Benziane
to the south.
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- Random pattern: σ2 = μ concordant with the Poisson
distribution;
- Uniform pattern: σ2 < μ concordant with the positive
binomial distribution;
- Clumped pattern: σ2 > μ concordant with the negative
binomial distribution (Ludwig & Reynolds, 1988; Hayek &
Buzas, 1997; Young & Young, 1998).
Besides these 3 mathematical models, there are several
indices that are widely used in the study of spatial patterns.
These indices (Table 1) are as follows: (1) The index of
dispersion (ID), also called the variance-to-mean ratio, is
a useful index for assessing the agreement of a set of data
to the Poisson series. An ID value equal to 1.0 indicates a
random distribution, 0 a uniform distribution, and more
than 1 a clumped distribution (Jayaraman, 1999). The
significance of this index is tested by comparing (n – 1) ID
with the χ2(n – 1) distribution. If the population is clumped,
ID is strongly influenced by the number of individuals (n)
in the sampling units (Ludwig & Reynolds, 1988). ID is
therefore useful as a comparative index of clumping only
if n is the same in all sampling units (Darin et al., 2002).
(2) Green’s index (GI) (Green, 1966) is a modified version
of ID that is independent of n (Ludwig & Reynolds, 1988);
it varies between 0 for random distributions and 1 for
maximally clumped distributions. It can be used to compare
samples that vary in the total number of individuals, their
sample means, and the number of samplings in the sample.
Consequently, among the numerous variants of ID that
have been proposed to measure the degree of clumping
GI seems most recommendable (Jayaraman, 1999). (3)
The index of clumping (IC) (David & Moore, 1954), also
known as index of cluster size (ICS), is a direct function of
the index of dispersion. Under a random distribution of
points, IC is expected to equal 0, positive values indicate

a clumped distribution, and negative values a regular
distribution. (4) The parameter “k” of negative binomial
distribution is also used as a measure of aggregation.
Lower values of k indicate pronounced clumping, whereas
higher values indicate slight clumping. If k tends towards
zero, clumping is maximal.
2.4. Data analysis
Initially, a co-linearity test performed between soil
variables showed a strong correlation coefficient (R > 0.9)
between sands and silt, and Na+ and Cl–. Therefore, we
chose to eliminate Cl– and silt. The remaining variables
were subjected to a Shapiro–Wilk’s normality test; those
with nonnormal distribution were log-transformed.
For determination of the most significant variables, an
individual preselection (Okland & Eilertsen, 1994) was
performed using a Monte Carlo test (999 permutations
without restriction), and, with the exception of sand,
they were all significant (P < 0.05) with variance inflation
factors (Chatterjee & Price, 1991; O’Brien, 2007) < 4,
indicating no co-linearity.
In an attempt to establish the main links between
environmental variables and vegetation, first a detrended
correspondence analysis (DCA) (Hill & Gauch, 1980)
was conducted in order to decide whether a canonical
correspondence analysis (CCA) (Ter Braak, 1986) or
redundancy analysis (RDA) (Ter Braak, 1994; Legendre
& Legendre, 1998; Skinner et al., 1998; Leps & Smilauer,
2003) should be used in ordination. Results of the DCA
showed that gradient length was 3.97 for axis 1 to 2.69
for axis 4; thus, both RDA and CCA may give correct
results (Jongman et al., 1995; Leps & Smilauer, 2003). As
the percentage of total variance explained by the 2 first
canonical axes of RDA (78.9%) was higher in comparison
with CCA (73.0%), we considered it more appropriate to

Table 1. Properties of 3 indices of dispersion. The values of each index at maximum regularity, randomness, and
maximum clumping are given (Ludwig & Reynolds, 1988).
Value of index at
Index

2

Index of dispersion

ID = S

Green’s index

GI = a S

Index of clumping

IC = a S

|
2

|
2

|

k –1 n–1
k –1

Maximum uniformity

Randomness

Maximum
clumping

0

1

n

–1 / (n – 1)

0

1

–1

0

n–1

–
2
X = mean number of individuals per sampling unit, s = variance, and n = total number of individuals in sample.
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distribution (Greig-Smith, 1983; Ludwig & Reynolds, 1988;
Garson & Moser, 1995; Dale, 1999), the negative binomial
and Poisson’s model were fitted to the field data; the null
hypothesis was that this species is distributed randomly.
The results (Table 2) showed that the χ2 test P-value for
the Poisson distribution was less than the significance level
α = 0.05 (P < 0.0001) and the observed χ2 value (45.59)
was greater than the critical χ2 value (5.99); hence, the
null hypothesis was rejected and we concluded that P.
harmala does not follow the Poisson distribution. The χ2
test P-value for the negative binomial model was greater
than the significance level α = 0.05 (P = 0.257) (χ2 observed
(= 1.19) < χ2 critical (=3.841)); therefore, we concluded
that P. harmala did follow a negative binomial distribution
and thus displayed a clumped pattern. Furthermore, the k
parameter measuring the degree of clumping with a value
of only 0.18 indicated a high degree of clumping.
3.2. Spatial distribution of Peganum harmala in the
lower Chelif
Defined as a function that contains information on the
spatial autocorrelation among the experimental units
(Scheiner & Gurevitch, 2001), all theoretical variograms,
plotted using Variowin (Pannatier, 1996) and used to
estimate the distribution of P. harmala in the lower

perform an RDA. However, the presence of double zeros
strongly affects the RDA, with another potential problem,
namely the arch effect (Zuur et al., 2007). An alternative
is to apply either chord (Orloci, 1967) or Hellinger (Rao,
1995) distances transformation. Legendre and Gallagher
(2001) showed that this approach is less sensitive to double
zeros and consequently to the arch effect. After several
comparisons, we opted for the Hellinger transformation
followed by an RDA. The most significant variables were
determined by using Wilk’s lambda (Butler & Wood, 2004;
Marques de Sa, 2007).
3. Results
3.1. Spatial pattern of Peganum harmala
The chi-square test for the statistical significance of the
variance-to-mean ratio displayed a probability P (χ2)
much less than 0.001 (Table 2). This indicated that the
ID (σ2/m) was much greater than one. That is to say, P.
harmala spatially displayed clumped rather than regular or
random patterns. This clumped pattern observed was also
confirmed by Green’s index and index of clumping both
greater than 0 (GI = 0.0121, IC = 1.75). As the clumped
pattern can be mathematically described by the negative
binomial distribution and the random pattern by Poisson

Table 2. Index of dispersion and chi-square goodness of fit test for the agreement between the observed frequency distribution of
Peganum harmala and the expected frequency distributions as given by Poisson and negative binomial; the results were obtained by
using Xlstat trial version.
Summary statistics and indices
Number of sampling units

141

Means

0.47260

Variance

1.299

Green’s index

0.01206

Index of clumping

1.74913

Index of dispersion

2.74913 (P = 0.00000)
Poisson dist.

Negative binomial dist.

Number of species/Sampling unit

Observed

Expected

χ

Expected

χ2

0

116

91.013

6.860

115.544

0.002

1

13

43.013

20.942

15.289

0.343

2

5

10.164

2.624

6.516

0.353

3

7

1.790

15.159

5.372

+

2

0.493

Observed χ2

χ2 = 45.585

χ = 1.191
k = 0.18

Critical χ2

5.991
P < 0.0001

3.841
P = 0.257
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Chelif, showed a very close nugget effect, the same
fitting value, and equal variation coefficient (Table 3).
In this case, variographic analysis is not the best way to
choose the adequate model. An alternative is to apply
cross validation, which is often used to compare different
theoretical variograms. Thus, on the basis of the results of
cross validation (Figure 2), with an highly significant (P =
0.0000) correlation coefficient equal to 0.63 and a standard
error of estimate equal to 0.3, the Gaussian model appears
to be the best theoretical model to estimate P. harmala
distribution, despite the fact that r2 seems to be slightly

low due to the absence of this species from numerous
sites where soil conditions were very favourable. The
parameters of this model enabled us to map out the spatial
distribution of this species through kriging. As a result,
Figure 3 shows a clumped distribution concordant with
the negative binomial and the index of dispersion results.
According to this map, the highest degrees of abundance
of P. harmala were mainly recorded in the north-western
and south-western peripheries of the lower Chelif, while
this species is completely absent from the eastern side of
the study area.

Table 3. Summary of all theoretical variograms.
Model

Nugget effect

Best fit found (BFF)

Coefficient of variation (%)

Exponential

0.52

0.09

16.8

Spherical

0.61

0.09

16.8

Power

0.60

0.1

17.2

Gaussian

0.57

0.09

16.8

6

4

a

3
2
1
0

0.0

0.2

0.4

0.6
0.8
1.0
1.2
Estimated values

1.4

1.6

2

0.0

0.2

0.4

0.6
0.8
1.0
Estimated values

1.2

1.4

1.6

6
Spherical model:
r = 0.52; P = 0.0000;
r2 = 0.27
S.E.E = 0.34

c

5

3
2
1
0

3

0

1.8

Observed values

Observed values

4

4

b

1

6
5

Power model:
r = 0.53; P = 0.0000;
r2 = 0.28
S.E.E = 0.34

5
Observed values

Observed values

5

6
Gaussian model:
r = 0.63; P = 0.0000;
r2 = 0.4
S.E.E = 0.3

4

Exponentiel model:
r = 0.52; P = 0.0000;
r2 = 0.27
S.E.E = 0.34

d

3
2
1

0.0

0.2

0.4

0.6
0.8
1.0
Estimated values

1.2

1.4

1.6

0

0.0

0.2

0.4

0.6
0.8
1.0
Estimated values

1.2

1.4

1.6

Figure 2. Cross validation between observed frequencies of Peganum harmala in the lower Chelif and estimated by: a; Gaussian model,
b; power model, c; spherical model and d; exponential model.

115

ABABOU et al. / Turk J Bot
0° 33' 00"

0° 36' 00"

0° 39' 00"

0° 42' 00"

0° 45' 00"

0° 51' 00"

0° 48' 00"

0° 54' 00"

36° 00' 00"

35° 57' 00"

35° 53' 24"

N
2.5

0

0

Echeliff river
Mina river
Djediouia river

5

kilometres

1

2

3

5

7

8

9

Occurrence of Peganum harmala L. according to a scale 0 – 9

Figure 3. Distribution map of Peganum harmala in the lower Chelif plain obtained by kriging.

3.3. Redundancy analysis
The marginal effects showing the eigenvalue of explained
variance (Lambda 1) if only one explanatory variable is
used in RDA (Table 4) indicated that conductivity and soil
structure were the best explanatory variables, followed by
pH, Na+, and Ca++, whereas the remaining variables played
a secondary role. The highly significant (P < 0.01) increases
in the total sum of eigenvalues during the forward selection
(Lambda A), indicated by the conditional effects (Table 4),
were shown successively by conductivity, soil structure,
pH, and CaCO3, according to the Monte Carlo test (999
permutations). Na+ conferred a significant increase (P <
0.05), whereas the contributions of the remaining variables
were not significant.

The variance of species occurrence data explained
by each variable according to the partial RDA is in the
following order: soil structure = 6.4%, conductivity = 6%,
pH = 4.4%, Na+ = 2.8%, Ca++ = 2.7%, clay = 2 %, OM =
1.6%, CaCO3 = 2%, and sand = 0.9%. This means that the
distribution of vegetal species in the lower Chelif plain is
strongly correlated to conductivity, soil structure, and pH.
The RDA (Table 5) showed a strong relationship
between the vegetation and the environmental factors,
with species–environment correlations of 0.73 on the first
axis and 0.66 on the second. Although the Monte Carlo
permutation test indicated that all canonical axes were
highly significantly correlated with the set of variables
used, only the first 2 canonical axes were used because

Table 4. Marginal effect (absolute) and conditional effect (additional) explained by each environmental variable in
the constrained ordination listed after the automatic forward selection. The P-values and F-statistics were obtained by
Monte Carlo test (999 permutations).
Marginal effects
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Conditional effects

Variable

Lambda 1

Lambda A

P

F

MWD

0.06

0.06

0.002

8.95

Conductivity

0.06

0.06

0.002

7.93

pH

0.04

0.02

0.006

2.17

+

Na

0.03

0.01

0.05

1.7

++

Ca

0.03

0

0.508

0.95

CaCO3

0.02

0.01

0.006

1.97

Clay

0.02

0.01

0.482

1

MO

0.02

0

0.868

0.56

Sand

0.01

0.01

0.08

1.48

ABABOU et al. / Turk J Bot
Table 5. Eigenvalues and percentage of variance explained by RDA, with Pearson correlations (r) between environmental variables and
the 4 canonical axes, and results from the Monte Carlo test checking for axis significance in RDA.
Axis 1

Axis 2

Axis 3

Axis 4

3.97

2.83

2.91

2.69

Eigenvalues:

0.106

0.039

0.013

0.008

Species–environment correlations:

0.734

0.661

0.516

0.457

of species data:

10.6

14.4

15.7

16.5

of species–environment relation:

57.7

78.9

85.9

90.3

MWD

0.621

0.396

0.846

–0.446

pH

0.579

–0.211

0.146

–0.284

CaCO3

0.321

0.348

0.255

–0.192

OM

0.234

0.133

0.405

–0.249

Sand

0.173

–0.109

0.028

–0.629

Ca

–0.404

0.075

–0.408

0.467

Na

–0.428

0.488

0.109

0.178

Clay

–0.462

0.177

–0.306

0.245

Conductivity

–0.709

0.635

–0.073

0.174

F

P value

Significance of first canonical axis

14.521

0.0010

Significance of all canonical axes

3.064

0.0010

Lengths of gradient (checked by DCA)
RDA

Cumulative percentage variance:

Environmental variables

++
+

Monte Carlo test (999 permutations)

they included the maximum variability expressed by the
environmental variables (78.9% of the variance of species–
environment relationship), and almost all variables that
were significant on axes 3 and 4 were also significant on
axes 1 and 2. The first axis explained 55.7% of the variance
of the species–environment relationship; this axis was
mainly negatively correlated to conductivity and then
to Na+, clay, and Ca++. While it was positively correlated
mainly with soil structure (MWD), and subsequently to
pH, CaCO3, and organic matter, these conditions were
accompanied by the highest plant diversity in the study
area. The second axis, with 23.2% of the variance in the
species–environment relationship explained, was positively
correlated mainly with conductivity and Na+, while it was
negatively correlated with pH and sand, with the occurrence
of P. harmala positively related to sand and pH and highly
negatively related to conductivity, Na+, and clay (Figure 4).
3.4. Relationships between Peganum harmala occurrence
and abiotic habitat variables
A Gauss model was used to examine the relationships
between P. harmala occurrence and abiotic habitat
variables, especially soil texture, electrical conductivity,

and pH. The results provide predicted occurrence
probabilities used to describe habitat suitability for this
species. The statistical significance of the analyses was
evaluated through chi-square approximation. Soil texture,
electrical conductivity, and pH were all statistically
significant predictors of species occurrence (P < 0.01).
Gauss results (Figure 5) showed that predicted occurrence
of P. harmala with respect to electrical conductivity
increased to an optimum of 9.4 mmhos/cm followed by
declining occurrence with increased conductivity. The
same behaviour as conductivity was shown by pH with an
increasing occurrence to an optimum of 7.7 followed by
decreasing occurrence with increased pH. Regarding soil
texture, P. harmala showed a strong preference for sandy
soils with an optimum greater than 40%, while it avoided
clayey soils; the optimum was only 7.7%.
4. Discussion
Spatial models have played an increasingly important role
in inferring mechanisms of species existence (Hubbell,
2001; Law et al., 2009) and in modelling spatial patterns
(He & Legendre, 2002).
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Conductivity 0.64
-0.71

High conductivity

Low conductivity

Low soil quality

Better soil quality
MWD

Axis 2 (23.2%)

Na 0.49
-0.43

0.62

OM

Clay
-0.46

CaCO3

-0.4 Ca

pH 0.58
-0.21

Sand
-0.4

P. harmala
-0.8

0.8

Axis 1 (57.7%)

Figure 4. RDA ordination diagram of Peganum harmala, with 141 sites and 9 soil
variables selected through forward selection and the Monte Carlo permutation test.
0.30

a

0.20

Gauss predicted occurrence

Gauss predicted occurrence

0.25
Opt = 9.4 mmhos

0.15
0.10
0.05
0.00
0

0

50

50
20
20
30
Conductivity (mmhos/cm)

30

40

b

0.20

0.05

0.00
00

05

20

25
30
Sand (%)

35

40

45

0.18

c

Opt = 7.7%

0.15

Gauss predicted occurrence

Gauss predicted occurrence

0.20

0.10

0.05

0.00

Opt > 40%

0.25

0

0

5

2
Clay (%)

34

30

30

0.15

d

Opt = 7.7%

0.12
0.09
0.06
0.03
0.00
7.4

7.6

7.8

8.0

8.2
pH

8.4

8.6

8.8

9.0

Figure 5. Predicted occurrence of Peganum harmala as obtained by Gauss model according to: a; conductivity, b; percentage of sand, c;
percentage of clay, d; pH.
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The negative binomial distribution has been the most
commonly used probability in modelling of spatially
clumped patterns (Ludwig & Reynolds, 1988) of various
populations of many plants, animals, and germs. The main
parameter of the binomial distribution is the k-parameter,
used as a quantitative measure of aggregation of the
individuals within a population. The degree of aggregation
increases as the k-parameter decreases. As indicated by
Table 2 the χ2 test P-value for the Poisson distribution was
less than the significance level α = 0.05, and the χ2 test
P-value for the negative binomial model was greater than
the significance level α = 0.05. As a result, we concluded
that P. harmala displayed a clumped pattern. Furthermore,
the low value of the k parameter (0.18) indicated a high
degree of clumping.
Measures of spatial distribution based on indices
showed that the variance/mean ratio (Hurlbert, 1990; Dale,
1999) was highly significantly larger than 1 according to the
chi-square test. Green’s index and the index of clumping
were both greater than 0, which indicated also that P.
harmala was not spaced in regular or random patterns
but was clumped. This ecological behaviour was under
the control of environmental factors and precisely the
soil’s characteristics of the lower Chelif. Indeed, according
to Chapman (1966), Jongman et al. (1995), Ahmed et
al. (2011), Doğan et al. (2011), and many other authors,
species distribution is highly related to edaphic factors,
which gives rise to localised patterns of plant distribution
(Rajakaruna, 2004).
The redundancy analysis (Tables 4 and 5) showed
through the marginal effects that conductivity and soil
structure were the best explanatory variables, followed by
pH, Na+, Ca++, and clay, whereas the remaining variables
played a secondary role. The highly significant increases
in the total sum of eigenvalues due to adding an extra
explanatory variable, indicated by the conditional effects,
were shown successively by conductivity, soil structure, pH,
and CaCO3. Na+ conferred a significant increase (P < 0.05),
whereas the contributions of the remaining variables were
not significant. This means that the distribution of species
in the lower Chelif plain is strongly related to conductivity,
soil structure, pH, and CaCO3. The redundancy analysis
also showed a strong relationship between the vegetation
and the environmental factors, with species–environment
correlations of 0.73 on the first axis and 0.66 on the second.
Although the Monte Carlo permutation test indicated that
all canonical axes were highly significantly correlated with
the set of variables used, only the first 2 canonical axes
were used because they included the maximum variability
expressed by the environmental variables (78.9% of the
variance of species–environment relationship), and almost
all variables that were significant on axes 3 and 4 were also
significant on axes 1 and 2. The first axis explained 55.7% of
the variance of the species–environment relationship. This

axis was mainly negatively correlated to conductivity and
then to Na+, clay, and Ca++, while it was positively correlated
mainly with soil structure (MWD), and subsequently to pH,
CaCO3, and organic matter (Figure 4). This axis could be
interpreted as conductivity environmental gradient. Thus,
high conductivity leads to the degradation of soil structure.
Indeed, according to Papatheodorou (2008), the main
influence of salt in soil is the dispersion of clay particles with
consequent changes in the soil’s physicochemical properties.
These extreme salinity conditions were accompanied by the
exclusive appearance of halophilous species, whereas soils on
the right side of this axis, characterised by low conductivity
and better soil structure, allowed a more diversified floristic
composition. The second axis, with 23.2% of the variance
of the species–environment relationship explained, was
positively correlated mainly with conductivity and Na+,
while it was negatively correlated to pH and sand, with
the occurrence of P. harmala in association with many
other species positively related to sand and pH, and highly
negatively related to conductivity, Na+, and clay. As a result,
among different edaphic factors, P. harmala was mainly
influenced by electrical conductivity and soil texture.
Indeed, the relation between species distribution and
salinity gradient has been reported by many investigators
(Ungar, 1968; Flowers, 1975, 1985; Caballero et al., 1994;
Glenn et al., 1999). Soil texture controls the distribution of
plant species by affecting moisture availability, ventilation,
and distribution of plant roots.
The Gauss model (Jongman et al., 1995) used to describe
habitat suitability showed that this species’ response to
conductivity increased to an optimum of 9.4 mmhos/
cm followed by a declining occurrence with increased
conductivity. Regarding soil texture, P. harmala showed a
strong preference for sandy soils with an optimum greater
than 40%, while it avoided clayey soil; the optimum was
only 7.7%.
As the occurrence or abundance of a species along
an environmental gradient often follows Shelford’s law of
tolerance (each species thrives best at a particular value
(its optimum) and cannot survive when the value is either
too low or too high) (Ter Braak & Verdonschot, 1995;
Gaston, 2003), the spatial continuity of P. harmala was
examined by fitting a Gaussian variogram model (Isaaks
& Srivastava, 1989; Legendre & Legendre, 1998; Diggle &
Ribeiro, 2007) to the experimental variogram. Even if the
cross validation between the observed and the predicted
values through the Gaussian model showed a slightly low
determination coefficient (0.4) due to the absence of this
species from numerous sites where soil conditions were
very favourable, the spatial distribution map obtained
through kriging (Zuur et al., 2007) by using Gaussian
model parameters showed a complete absence from the
eastern side of the study area, but a high degree of clumping
in the north-western and south-western peripheries of the
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study area, both characterised by a very favourable range
of environmental conditions for P. harmala.
In conclusion, the lower Chelif represents an
ecosystem weakened by particular edaphic constraints
and harsh climatic adversities. These constraints greatly
reduced plant diversity. Moreover, during the 2 years of
monitoring, we counted only about 40 species over an
area of 500 km2, with a remarkable presence of P. harmala.
For ecological enhancement and efficient medicinal and
pharmaceutical use of this species, better evaluation of

the response of this species to environmental variables
is needed. This study provides basic information about
the dispersal mode and the environmental variables
that affect P. harmala in one of the largest arid area in
North Africa. It appears from this study that P. harmala
is particularly sensitive to electrical conductivity and soil
texture. Monitoring these edaphic factors influencing
the behaviour of this species may be one of the most
important sources of information to enhance its efficiency
and increase its chances of survival.
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